The thymus plays a critical role in the generation of immunocompetent T lymphocytes. In the thymus, lymphocytes are in close contact with epithelial cells, and this contact is necessary for T-cell maturation. Using cultured human thymic epithelial (TE) cells, we have found that human thymocytes bind to human TE cells in vitro. Thymocytes bound to both allogeneic and autologous TE cells and to the epidermoid carcinoma cell line A431 but did not bind to epidermal keratinocytes or to thymic fibroblasts. Thymocyte binding to TE cells was trypsin-and cytochalasin B-sensitive. Indirect immunofluorescence assays showed that both mature (T6-, T3+) and immature (T6+, T3-) thymocytes bound TE cells. In our system, TE-thymocyte binding was not inhibited by antibodies to class I or class II major histocompatibility antigens. In vitro binding of thymocytes to TE cells may represent a correlate of in vivo TE-thymocyte interactions and provides a model system for the study of human intrathymic T-lymphocyte maturation and activation.
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Microscopists have long appreciated the extensive physical contact between the lymphoid and nonlymphoid elements of the thymus (1, 2). Direct contact of lymphoid and nonlymphoid elements within the thymus is necessary for generation of functionally mature, antigen-specific, major histocompatibility complex (MHC)-restricted T lymphocytes (3-6). Although the precise role played by the nonlymphoid component of the thymus is poorly understood, a number of interactions of developing thymocytes with nonlymphoid elements have been identified, including the formation of lymphoepithelial cell complexes in vivo, called thymic nurse cells (7) , and the binding of thymocytes to macrophages and dendritic cells (8, 9) . Farr et al. (10) recently observed a subpopulation of thymocytes within the thymic cortex expressing low levels of surface T-lymphocyte antigen receptors (Ti). Where these thymocytes were found in contact with epithelial cell processes, Ti molecules were localized in the region of thymocyte-epithelial contact. Recent development of methods for the long-term culture of human thymic-stromal elements (11) , as well as development of monoclonal reagents specific for nonlymphoid components of human thymus (12) (13) (14) (15) , have made it possible to investigate thymocyte-stromal interactions in vitro. In this report we present evidence that human thymocytes bind to both autologous and allogeneic thymic epithelial (TE) (16) . Human peripheral blood lymphocytes and tonsillar lymphocytes were prepared as described (16) , and T lymphocytes were isolated by filtration over nylon wool. TE cell cultures were initiated, propagated, and subcultured as described (11) . Cytocentrifuge preparations of cultured TE cells were evaluated in indirect immunofluorescence assays using a panel of monoclonal antibodies including AE-1 (anti-keratin) (17), Mo-1 (anti-monocyte, macrophage) (18), Leu-M3 (anti-monocyte, macrophage) (19) , (anti-fibroblast) (13) , and L243 (anti-MHC class II antigen) (20) . TE cultures were 86 ± 1.6% AE-1 (keratin)-positive, 2.3 ± 0.6% L243-positive (all the L243-positive cells contained keratin), and 13 ± 1.2% TE-7 (fibroblast)-positive; none ofthe TE cells were positive for Mo-1 or Leu-M3. Thymic fibroblasts were isolated from TE cell cultures by treatment with 0.02% EDTA. The epidermoid carcinoma cell line A431 was provided by J. DeLarco (Otsuka Pharmaceuticals, Gaithersburg, MD) and was propagated in Dulbecco's modified Eagle's medium with 10%o fetal bovine serum (21) . Neonatal human foreskin epidermal keratinocytes were cultured as described (22 (23) . Nonadherent cells were removed, and the remaining cells were fixed with 1% glutaraldehyde (Sigma) in Dulbecco's phosphate-buffered saline without Ca2' and Mg2+, pH 7.4 for 15 min on the rotator. After washing, the plastic chambers were removed, the slides were dipped in water, and the cells were stained with hematoxylin and eosin. Scanning and transmission electron microscopy was performed as described (11, 24 tTo whom reprint requests should be addressed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. in 0.1 ml of RPMI/FBS) and centrifuged (380 x g, 4TC, 5 min). TE/thymocyte pellets were gently resuspended by rotation of the tube as for an erythrocyte (E)-rosette assay (25) . Tubes were coded, and cell suspensions examined at x 150 by light microscopy. TE cells binding >3 thymocytes were scored as positive for rosette formation. At least 200 TE cells were counted for each tube, and each determination was performed in duplicate or triplicate. Data were analyzed by Student's t test.
Phenotypic Characterization of Cells in TE-Thymocyte Rosette Assay. The TE-thymocyte rosette assay was performed as described above, and the percentage of TE cells forming rosettes with thymocytes was determined. TE/ thymocyte suspensions were centrifuged onto glass slides using a cytocentrifuge (Shandon Southern Instruments, Sewickley, PA) and processed for Wright's stain or acetonefixed for indirect immunofluorescence assay using anti-T cell and anti-epithelial monoclonal antibodies followed by fluorescein isothiocyanate-conjugated goat anti-mouse immunoglobulin as described (26) . The following monoclonal reagents were used: NA1/34 (anti-CD-i, T6) (27) CD-2, LFA-2, T1l) (28), TS1/8.1.1 (anti-CD-2, LFA-2, T11) (29) , T3/RW2-8C8 (anti-CD-3, T3) (30), T4/19-THY5D7 (anti-CD-4, T4) (31), 3A1 (anti-CD-7, 3A1) (32), T8/2T8-1B5 (anti-CD-8, T8) (33), A2B5 (anti-GQ ganglioside) (34), TE-3 (anti-cortical TE cell) (13) , and AE-1 (anti-keratin) (17).
RESULTS
Binding of Thymocytes to TE Cells in Vitro. Graded numbers of thymocytes were added to TE cells growing adherent to glass slides. Maximal binding of thymocytes to TE cells was achieved with 107 thymocytes per chamber well. Thymocytes bound to TE cells with varying morphologies, including small, polygonal TE cells (Fig. LA) , TE cells with extensive processes (Fig. 1B) , and large TE cells with clear cytoplasm (Fig. 1C) . Indirect immunofluorescence assays on companion slides, using an anti-keratin antibody (AE-1), demonstrated that all the morphological cell types that bound thymocytes contained keratin (results not shown).
To quantitate TE-thymocyte binding, we developed a TE-thymocyte rosette technique. Representative samples of rosetting and nonrosetting TE cells are shown in Fig. 2 . Small and large thymocytes bound to both large and small TE cells ( Fig. 2 A and B) . TE cells that did not bind any thymocytes were frequently observed (Fig. 2C) . Occasionally TE cells were observed that appeared to contain thymocytes within their cytoplasm (Fig. 2D) (Fig. 4A ). In addition, we determined the ability of allogeneic thymocytes to bind to a variety of other cell types (Fig. 4A) Phenotypic Analysis of Thymocytes Bound to TE Cells. Following TE-thymocyte rosette formation, bound thymocytes as well as TE cells were characterized in indirect immunofluorescence assays using monoclonal antibodies ( Fig. 5; Table 2 ). In the TE cell suspension, 85% of cells were TE-3' (cortical TE cell marker) (13), while 15% were A2B5' (medullary and subcapsular cortical TE cell marker) (12, 34) . Of TE cells bound by thymocytes, >90% were of the cortical TE phenotype (TE-3+) (Fig. 5A) . Rare (1-3%) A2B5+ TE cells rosetting with thymocytes were also seen (not shown).
Thymocytes in suspension were 56% T6' (immature cortical thymocyte), 37% p80+ (A1G3+) (mature thymocyte), 75% T4+, 65% T8+, and 95% 3A1+ (pan thymocyte). define T-cell antigens, we found among rosetting thymocytes both T6+ (65 ± 9%) (Fig. 5C ) and T3+ (48 ± 8%) (Fig. 5D ) thymocytes bound to primarily TE-3+ cortical TE cells (Table 2) .
DISCUSSION
The specific roles played by the epithelial component of the human thymus in T-lymphocyte maturation are controversial and in large part are inferred from histologic studies ofthymic sections. Although it is generally accepted that epithelial cells are the source of thymic hormones (37) (38) (39) We have shown that keratin-containing TE cells bind human thymocytes, and we have described an in vitro system whereby the molecular and cellular events that are sequelae of TE-thymocyte binding (i.e., activation and progressive T-cell maturation) can be studied in vitro. This assay system, coupled with the ability to characterize phenotypically and to separate subsets ofboth T cells and TE cells, should allow the dissection of the roles TE cells play in promotion of various stages of human thymocyte maturation. 
